We present a complete catalog of H i emission and absorption spectrum pairs, toward H ii regions, detectable within the boundaries of the Southern Galactic Plane Survey (SGPS I), a total of 252 regions. The catalog is presented in graphical, numerical, and summary formats. We demonstrate an application of this new data set through an investigation of the locus of the Near 3 kpc Arm.
INTRODUCTION
Combining data from the Australia Telescope Compact Array (ATCA) and the Parkes single dish telescopes, the Southern Galactic Plane Survey (SGPS; McClure-Griffiths et al. 2005) provides H i line and 1.4 GHz radio continuum data for the fourth Galactic quadrant, with the best combination of resolution and sensitivity currently available for that line in this area. Using these data, we have measured 21 cm absorption spectra toward a sample of 252 H ii regions.
This study produces two distinct data products: a consolidated census of H ii regions with known radio recombination line (RRL) velocities, taken from the literature, and the H i emission and absorption spectrum pairs toward them-within the bounds of the SGPS (255 • < l < 353 • ). These two resources will enable further study into the structure and dynamics of the neutral interstellar medium (ISM) in the fourth quadrant (on which massive stars and their formation have a significant impact). The catalogs will serve as a data set for numerous studies including investigations of the spiral structure of the Galaxy (e.g., Strasser et al. 2007 ) and kinematic distance works, both for target regions (e.g., Urquhart et al. 2012) and for the intervening H i clouds (e.g., Roman-Duval et al. 2009 ).
The sample selection from existing H ii region catalogs is described in Section 2, while the method of spectrum extraction appears in Section 3. The catalog itself appears in Section 4, before a discussion of the global properties of H i absorption in Section 5 and an illustration of its use: an examination of the distribution of H i absorption in longitude-velocity (lv) space, including the locus of the Near 3 kpc Arm.
DATA

Southern Galactic Plane Survey, SGPS
The SGPS covers 325 deg 2 of the Galactic plane over the fourth and first Galactic quadrants (SGPS I and SGPS II, respectively) . For this work, SGPS refers to the fourth quadrant component of the survey only (i.e., the SGPS I). The SGPS I provides both the H i line data, as well as the continuum maps (Haverkorn et al. 2006 ) used for source detection and identification.
The SGPS provides three distinct data products: Parkes continuum-subtracted cubes, with an angular resolution of 15 , combined Parkes and ATCA continuum-subtracted H i cubes (2. 2), and combined Parkes and ATCA cubes containing continuum emission (∼1. 6). For this work we use the continuum-included combined Parkes-ATCA data. These cubes were specifically produced for H i absorption studies, as they provide accurately calibrated data at the highest angular resolution of the SGPS. All SGPS continuum and line cube data are available online via the Australia Telescope National Facility (ATNF) H i Surveys archive. 3 SGPS data has been used extensively in a number of fields, including H i self-absorption (Gibson et al. 2005; Kavars et al. 2005) , the cold neutral ISM in the outer Galaxy (Strasser et al. 2007) , Galactic structure (McClure-Griffiths et al. 2004 ) as well as investigations of particular individual sources (Kothes & Dougherty 2007 ).
H ii Regions
First we compiled a list of H ii regions from RRL catalogs for the longitude and latitude range of the SGPS. This compilation of H ii regions was then over-plotted on the SGPS radio continuum maps using the KARMA software suite (Gooch 1995) . Each map was then visually inspected to confirm H ii region detection. Target H ii regions were included in this catalog (Section 4) if a single, distinct emission source was visible in the SGPS continuum map.
Several cataloged H ii regions were coincident with several radio continuum sources and some targets had coordinates coincident with no continuum source. It is not surprising that the SGPS with angular resolution of ∼2 detects multiple sources within the larger beam of the early H ii region discovery works, for instance the Parkes beam of Caswell & Haynes (1987) is ∼4 . Furthermore, there are often clusters of continuum emission sources surrounding a cataloged region's coordinates, such that no attempt can be made to distinguish the background emission (see Section 3). There are several H ii regions that are included in more than one H ii region RRL velocity catalog (Section 2.2.1) and therefore become duplicate sources when the catalogs are combined. Furthermore, there were H ii regions that did not appear as continuum sources in the SGPS, or had continuum temperatures T cont < 5 K, these were not included in this catalog. The total number of individual, distinct H ii regions, visible in the SGPS continuum is 252. Throughout this work, the name (in the form "G longitude ± latitude") reported for each H ii region is taken from the catalog from which the region is provided (see Section 2.2.1); hence the inconsistencies in decimal precision.
H ii Region Catalogs
We use the catalog of Caswell & Haynes (1987) as the basis of our target list, supplementing that catalog with further H ii regions sourced from other works. Our final source list is a compilation of the H ii region RRL velocity catalogs of Caswell & Haynes (1987) , the Green Bank Telescope H ii Region Discovery Survey (GBTHRDS; Bania et al. 2010) , Lockman (1989) and Wilson et al. (1970) (see Table 1 ). We describe each of these works below.
There are several other fourth quadrant studies which include H ii region candidates (Reifenstein et al. 1970; Walsh et al. 1999; Busfield et al. 2006; Urquhart et al. 2012; Foster et al. 2011 ), but as Hnα emission has not been detected toward these candidates, they are not confirmed H ii regions and are therefore excluded from this work. Caswell & Haynes (1987) . Hydrogen RRL parameters for 316 H ii regions, observed with the Parkes 64 m Radio Telescope, over the longitude range 210
• < l < 360
• are provided by Caswell & Haynes (1987) . The majority of H ii regions in this study were sourced from this work, the southern correspondent to the Lockman (1989) catalog. Several of the H ii regions cataloged by Caswell & Haynes (1987) are outside the bounds of the SGPS; therefore for regions with Galactic longitudes l < 245
• , or l > 353
• , or Galactic latitudes |b| 1.
• 4 we cannot extract H i E/A spectra (and they are not included in this catalog).
GBTHRDS. The GBTHRDS (Bania et al. 2010) 4 detected 602 RRL components toward 448 continuum sources in the Galactic plane between 344
• < l < 67
• . The survey more than doubled the number of known H ii regions within that longitude range-the majority of previously known H ii regions were sourced from the Lockman (1989) catalog, see below. (1) and (2) With a 95% detection rate the GBTHRDS selected its target sample from spatially coincident mid-infrared and radio continuum emission. The Spitzer MIPSGAL survey (Carey et al. 2009 ) provided 24 μm data, while 21 cm continuum emission was sourced from the SGPS, VGPS (Stil et al. 2006 ) and NVSS (Condon et al. 1998) .
Lockman (1989) . The canonical northern hemisphere catalog of Lockman (1989) extends into the fourth quadrant, and therefore into the SGPS coverage area. This large survey provides RRL velocity detections for 462 H ii regions. Wilson et al. (1970) . Wilson et al. (1970) detected the H109α RRL toward 130 H ii regions visible in the southern sky (261
• ) using the Parkes Radio Telescope in 1968.
EMISSION/ABSORPTION METHOD OF H i ABSORPTION SPECTRUM EXTRACTION
The emission/absorption (E/A) method observes H i spectra coincident with, and adjacent to, discrete continuum sources. In order to derive absorption, e −τ , the brightness temperature as a function of velocity, V, both on (T on ) and off the source (i.e., the emission spectrum, T off ) are compared. The simplest radiative transfer situation gives
where T cont is the continuum source brightness temperature, T s is the spin temperature of the foreground cloud(s) and T bg represents the brightness temperature of any other background contribution (see Figure 1) . Assuming that the "on" and "off" spectra both sample the same gas, subtraction of one from the other removes the common T bg and T s (V ) terms, allowing the absorption to be calculated directly,
The "on" and three "off" source positions, which were averaged to provide an emission estimate, were chosen in accordance with the criteria identified in Jones & Dickey (2012) . Large scale H i emission fluctuations, which are present on all angular scales (Green 1993; Dickey et al. 2001) , are reflected by the variation in the three "off" source positions, see Section 3.2. The E/A method is described in detail by Kolpak et al. (2003) .
Continuum Calibration
The continuum temperature is estimated from the difference in on and off spectra across a range of velocity channels in which there is no H i signal. For most spectra we used the velocity channel range 100 km s −1 < V < 175 km s −1 as this avoids both expected Galactic circular rotation velocities as well as avoiding the ends of the spectrum band.
The SGPS line data is recorded in units Jy beam −1 , therefore a conversion to K is required. Firstly a two-dimensional Gaussian beam solid angle is assumed (Equation (4)), then the flux density for an unresolved source is approximated (Equation (5)) in terms of antenna temperature:
Theoretically, the antenna temperature is the convolution of the beam response with the sky brightness temperature distribution, integrated over the entire sky. Substituting for beam solid angle, λ = 21.1 cm and creating dimensionless variables results in Equation (6),
The dimensions of each synthesized beam are given in Table 4 of McClure-Griffiths et al. (2005) .
This conversion factor is used to convert the brightness temperature of the off source spectrum (top panel) of each image in Figure 4 as well as to obtain the continuum temperature reported in Table 1 . However, the conversion is not required in the calculation of absorption (see Equation (3)).
Quality of Spectra
As for most emission/absorption studies, the noise level in the absorption spectrum is not dictated by radiometer noise, but rather the precision with which the absorption spectrum can be subtracted from background continuum emission, see Equation (3) .
A series of five tests were devised to measure the quality of each H i absorption spectrum (see Figure 2 )-resulting in six quality categories A-F. The quality category for each spectrum included in the catalog is given in Table 1 . Each spectrum was initially assumed to be at the best quality rating (i.e., category A); the quality factor was then down-graded for each test failed; therefore the spectra in category F failed all five quality tests listed below.
Range. Tests if the range of calculated absorption values are realistic: theoretically 0 < e −τ < 1. Continuum temperature uncertainties or uncertainties in assumed background emission spectrum will increase the range of e −τ . This test is failed if Range(exp[−τ ]) > 1.5.
Maximum signal to maximum noise. "Maximum signal" refers to 1 − min(exp[−τ ]) and "maximum noise" refers to max(exp[−τ ]) − 1, see Figure 2 . This test is designed to ascertain if emission signals (which should have been removed) overwhelm absorption in the spectrum. This test is failed if (maximum signal/maximum noise) < 3.
Absorption uncertainty envelope. This test investigates the fluctuations in the absorption envelope (caused by differences between the three emission, off source, spectra). The absorption uncertainty envelope is calculated as follows:
where σ T off is the standard deviation between the three emission spectra, for each velocity channel. This test is failed if the standard deviation of this envelope, over the whole velocity range, is large: i.e., 3σ (Δ abs ) > 1. The absorption uncertainty envelope is shown as gray shading in each H i absorption spectrum panel (see Figures 2 and 4) , while ±3σ T off is shown as the gray shading in each H i emission spectrum panel (Figure 4) . Baseline noise. This test identifies absorption spectra with high levels of baseline noise. This is achieved by investigating the standard deviation of absorption (σ rms ) over the same velocity channel range from which the continuum temperature is determined, i.e., there is no H i emission nor absorption signals (see Section 3.1). This test is failed if 3σ rms > 1.
Number of velocity channels with significant absorption. The final test is a count of the number of velocity channels which demonstrate statistically significant amounts of absorption. That is, the absorption is deeper than a combination of the baseline noise and the absorption envelope uncertainty: e −τ (v) < (1-3σ rms − σ (Δ abs )). At least 15 channels of statistically significant absorption are required to pass this test. Note that σ (Δ abs ) ∝ 3σ T off (see absorption uncertainty envelope test).
The majority of the poorest quality spectra (category F) come from target regions with l > 340
• and were usually sourced from the H ii region catalog of the GBTHRDS. This is not particularly surprising as the GBTHRDS avoided previously observed H ii regions; resulting in intrinsically fainter sources compared to Caswell & Haynes (1987) .
The bottom panel of Figure 3 displays the number of regions in each quality category. The distribution appears to be superficially bimodal, such that the quality categories could be regrouped into "good" and "poor" umbrella categories associated with quality factors A-C and D-F respectively. Through the use of these umbrella categories it can be shown that in order to extract a "good" quality H i absorption spectrum, a continuum Figure 3 . Assessment of the quality control variables for each H i absorption spectrum in categories A (best quality) to F (poorest quality). In each panel, the horizontal dotted line signifies the value for which the test is failed (see text). The distribution of continuum temperatures in each quality category is also shown, even though continuum temperatures do not constitute a formal quality test (Section 3.2); in this case the dashed horizontal line demonstrates the limit in continuum temperature required for resolution of the kinematic distance ambiguity from Jones & Dickey (2012) . The bottom panel displays a histogram of the number of H ii regions in each quality category. temperature greater than ∼20 K is required-note: while continuum temperature was not used as a quality assurance parameter, stronger sources are associated with higher quality factors (see Figure 3) . Jones & Dickey (2012) reported that a continuum temperature of at least 10 K is required to solve the kinematic distance ambiguity for H ii regions in the SGPS, using their velocity channel summation technique. This limit approximately corresponds to the median continuum temperature of quality category E (10.4 K). Note that H ii regions with continuum temperatures T cont < 5 K were not included in the catalog of H i spectra (Section 2.2).
CATALOG
The catalog of H i emission/absorption spectrum pairs is the primary data product of this work. We present it here in three formats: individual spectrum figures, complete data set (in tar format) and summary table.
Catalog summary. Table 1 provides an overview of the entire catalog. The 252 included H ii regions are listed, along with their known parameters. The columns list the Galactic coordinates of the H ii region (as reported by the original reference); SIMBAD identification; T cont (K), quality factor, RRL velocity, and RRL velocity reference respectively.
Spectrum figures and data. For every included H ii region from Table 1 , the emission and absorption spectra (along with associated uncertainties) are displayed in Figure 4 . In each figure, the top panel shows the emission spectra. The emission is shown by the solid line (T off , this is the average of the three "off" positions, see Section 3) and the emission envelope (3σ T off : standard deviations between the "off" positions) is shown in gray. Absorption, e −τ , is displayed in the bottom panel. The H i absorption spectrum (see Equation (3)) is shown by the solid line and the gray envelope signifies Δ abs (calculated from the emission envelope). The absorption panel also displays the The H ii region name and reference are shown as well as the expected velocity ranges of spiral arm features with the same "crayon" color system as Figure 5 . This color coding provides an accessible method of "reading" the H i absorption spectra in terms of known Galactic features.
The H i emission/absorption spectra, for each included H ii region, are also available in a tar file. We provide an example of this data in Table 2 . For each velocity channel we provide the on source brightness temperature (T on ); average of the three off source brightness temperatures (i.e., the emission spectrum, T off ); the uncertainty in T off , caused by the differences in the three off source positions, 3σ T off ; the absorption value (e −τ ); and the Δ abs absorption uncertainty envelope.
DISCUSSION
Here we briefly discuss the global properties of the H i absorption catalog (Section 5.1), as well as an example of its use-investigating the lv locus of the Near 3 kpc Arm (see Section 5.2).
Longitude-Velocity Distribution
One simple application of this catalog is an investigation of the distribution of H i absorption in longitude-velocity (lv) space. Firstly, we construct an "lv crayon diagram" (Figure 5 ) of known Galactic structures. The Near and Far 3 kpc Arm fits are provided by Dame & Thaddeus (2008) Notes. Columns are as follows: (1) velocity channel (km s −1 ); (2) T on (K); (3) average T off (K); (4) uncertainty in T off , 3σ T off (K); (5) absorption, e −τ ; (6) uncertainty in absorption, Δ abs .
(Supplemental data for this table are available in the online journal.)
For each source in the catalog (of quality factor C or better), we plot both the systemic velocity of the H ii region and any associated H i absorption ( Figure 5 ). It is clear that both the H ii regions and their associated H i absorption trace the spiral arm structures, especially in the inner Galaxy. This is in keeping with Jones et al. (2013) who find that >90% of their H ii region sample is associated with known spiral arm structures. H ii regions are considered to be the archetypical tracers of Galactic spiral structure (Bania et al. 2010) ; but cold, dense gas, traced by H i absorption is also more likely to be located within the spiral arms than in the inter-arm region. Each black marker on the figure corresponds to five consecutive velocity channels which display significant absorption. It is clear that the H i absorption is also associated with the spiral arms. This is to be expected, as dense, cold gas which is traced by H i absorption is more likely to be located within the spiral arms than in the inter-arm regions. We find H i absorption associated with all inner Galaxy spiral arms. Figure 5 not only demonstrates the suitability of both data sets (H ii region velocities and H i absorption) as spiral arm tracers, but also their inherent velocity uncertainty distributions. Galactic streaming motions are often estimated to be on the order of 15 km s −1 (Bania & Lockman 1984; Kolpak et al. 2003) , i.e., within the velocity width of the crayon diagram features. However, H i absorption associated with H ii regions can extend ∼20 km s −1 beyond the systemic velocity of the region Jones et al. 2013) .
The association of H i absorption with a Galactic structure feature can be used to infer lower distance limits, or the location of the H ii region in our Galaxy (Jones & Dickey 2012; Jones et al. 2013) .
H i Absorption in the Outer Galaxy
From Figure 5 it is evident that this catalog is primarily limited to the inner Galaxy (within the solar circle); unlike, for example, the work of Strasser et al. (2007) . Strasser et al. (2007) used the SGPS and the E/A spectrum extraction method to study H i absorption toward 111 extragalactic continuum sources-in order to investigate absorption from the outermost arms of the Milky Way. Of these 111 sources, only 17 demonstrated any signature of H i absorption at positive velocities; corresponding to a location in the outer Galaxy.
Because the Strasser et al. (2007) source sample included strictly extra-galactic sources, the H i absorption spectra reflect lines of sight through the entire Galactic plane. Whereas spectra from this study reflect lines of sight toward the H ii regions themselves, located within the Galaxy. For this reason, this work is far less likely to identify H i absorption in the outermost spiral arms in the fourth quadrant-as the number of H ii regions Jones et al. (2013) , dark gray dots are from this work (but were not included in the linear fit analysis), black dots are also from this work (and were used in the analysis of the locus of the Arm). Right panel: fit of data to model (Equation (8)). The histogram displays the difference in velocity between Equation (8) and each channel that displays significant absorption (see Figure 5 ). Note only regions with l > 340 • are considered here.
known (with RRL velocities) is extremely limited in the most distant features.
Nevertheless, for longitudes l < 300
• the line of sight distance to the solar circle is relatively small and investigations of H i absorption in the outer Galaxy become possible; although at these longitudes, there are very few known H ii regions (see Figure 5 ). Regions with velocities 15 km s −1 correspond to very short line of sight distances. At l ≈ 250
• the nearcontinuous absorption profile is associated with lines of sight through the Local Arm.
Locus of the Near 3 kpc Arm
The investigation of the lv distribution of H i absorption (see Figure 5 ) can be further specialized to individual features. In Jones et al. (2013) the locus of the Near and Far 3 kpc Arms (in lv space) was investigated using H i absorption. This work presents an opportunity to extend this analysis, by including H i absorption associated with the Near 3 kpc Arm at longitudes l < 350
• . This is a complementary investigation to that first performed by Dame & Thaddeus (2008) using CO 1-0 emission.
Using H i absorption channels from the Near 3 kpc Arm analysis of Jones et al. (2013) in addition to those from this work-such that the entire longitude extent 10
• > l > 340
• of the Near 3 kpc Arm is included-a linear fit to the lv locus of the Near 3 kpc Arm was performed: V = −53.3 + 4.1l ΔV = 25.9 km s −1 .
Here ΔV refers to the FWHM of a Gaussian fit to the velocity profile of the Arm model (see right-hand panel of Figure 6 ). With the inclusion of H i absorption from the longitude range l < 340
• , the model for the locus of the Near 3 kpc Arm (Equation (8)) is extremely consistent with the fit provided by Dame & Thaddeus (2008) The Near 3 kpc Arm is identified as a well defined peak in H i absorption, centered around the fit to the linear model (however, the scale height of the component is exaggerated by the removal of non-Near 3 kpc Arm absorption for 360
• > l > 353 • ). The hump at ΔV = 30 (i.e., velocities consistent with a line parallel to Equation (8) +30 km s −1 ) may be the signature of the Norma Arm, which is approximately parallel to the Near 3 kpc Arm in lv space for longitudes l > 340
• (see Figure 5 ). The broad central peak is the result of the remaining disk rotation, both foreground and background to the Near 3 kpc Arm.
Note that longitudes l < 350 • the Far 3 kpc Arm is confused in velocity with the other inner Galaxy spiral arms-therefore investigation of the locus of the Far 3 kpc Arm, extending the work of Jones et al. (2013) , is not possible here.
SUMMARY
The first attempt to test and interpret H i emission/absorption spectrum pairs from the SGPS (test region) was performed by Dickey et al. (2003) . However, until now, no complete census of H i absorption toward Galactic continuum sources in the SGPS has been completed. This paper presents, in graphical, numerical and summary formats, the H i emission and absorption spectrum pairs from every known Galactic H ii region distinctly detectable in the SGPS (255
• < l <353
• , |b| 1 • )-a total of 252 regions.
We have demonstrated one use of this catalog by examining the lv distribution of H i absorption in the Milky Wayincluding a re-evaluation of the locus of the Near 3 kpc Arm in lv space. This catalog has the potential to be an integral data set for numerous works, perhaps even sparking the invigoration of the search for H i spiral arms of the Milky Way in absorption, rather than emission, as Lockman (2002) predicted.
